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Abstract of EP1077365 

An ultrasonic-wave propagation time measuring 
- method which enables determination of accurate 
propagation time, a gas-pressure measuring 
method, a gasflow-rate measuring method, and a 
gas sensor are disclosed. A reception wave 
which has been transmitted and received by an 
ultrasonic element 5 is shaped and integrated by 
an integration circuit 37 to obtain an integral 
value. A peak value of the integral value is held 
by a peak-hold circuit 39. As to detection of gas 
concentration, a resistance-voltage-division 
circuit 41 sets a reference value on the basis of 
the peak value, and a point in time when the 
integral value of the reception wave is judged by 
a comparator 43 to have reached the reference 
value is regarded as an arrival time. 
Subsequently, a gas concentration is detected on 
the basis of a period between the emission time 
and the arrival time. As to detection of gas 
pressure and flow rate, the gas pressure is 
detected on the basis of the peak value, and 
further, the gas flow rate is calculated on the 
basis of the gas pressure. 
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(54) Ultrasonic-wave propagation-time measuring method, gas-pressure measuring method, 
gas-flow rate measuring method, and gas sensor 



(57) An ultrasonic-wave propagation time measur- 
ing method which enables determination of accurate 
propagation time, a gas-pressure measuring method, a 
gasf low-rate measuring method, and a gas sensor are 
disclosed. 

A reception wave which has been transmitted and 
received by an ultrasonic element 5 is shaped and inte- 
grated by an integration circuit 37 to obtain an integral 
value. A peak value of the integral value is held by a 
peak-hold circuit 39. As to detection of gas concentra- 
tion, a resistance-voltage-division circuit 41 sets a ref- 
erence value on the basis of the peak value, and a point 
in time when the integral value of the reception wave is 
judged by a comparator 43 to have reached the refer- 
ence value is regarded as an arrival time. Subsequently, 
a gas concentration is detected on the basis of a period 
between the emission time and the arrival time. As to 
detection of gas pressure and flow rate, the gas pres- 
sure is detected on the basis of the peak value, and fur- 
ther, the gas flow rate is calculated on the basis of the 
gas pressure. 
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Description 

[0001] The present invention relates to an ultrasonic-wave propagation -time measuring method, a gas-pressure 
measuring method, a gas-flow-rate measuring method, and a gas sensor. 
5 [0002] Techniques for measuring sound velocity on the basis of propagation time of ultrasonic waves have been 
proposed in, for example, Japanese Patent Publication (kokoku) Nos. 5-72527 and Japanese Patent Application Laid- 
Open No.60-502171. 

[0003] In these techniques, an ultrasonic element is caused to transmit an ultrasonic wave (transmission wave) and 
receive its reflection wave (reception wave); and sound velocity is measured on the basis of the propagation time 
10 between transmission of the transmission wave and reception of the reception wave. 

[0004] In a well-known method of measuring propagation time; more particularly, with regard to detecting the recep- 
tion signal, a threshold level (reference value) of a comparator is fixed, and the reception wave itself or an integrated 
value of the reception wave is compared with the fixed threshold level. 

[0005] However, ultrasonic reception waves sometimes attenuate due to pressure or other causes. In such a case, 
since the conventional techniques use a fixed value for the threshold level of the comparator, a measured propagation 
time includes an error stemming from attenuation of the reception wave. 

[0006] Thus, in some cases a sound velocity calculated from the propagation time becomes inaccurate. Therefore, 
a gas concentration sensor which detects gas concentration on the basis of sound velocity encounters difficulty in 
accurately detecting gas concentration. 

20 [0007] The present invention has been achieved in order to solve the above problems, and an object of the invention 
is to provide an ultrasonic- wave propagation-time measuring method which enables accurate determination of prop- 
agation time, a gas-pressure measuring method, a gas-flow-rate measuring method, and a gas sensor. 
[0008] (1 ) To achieve the above object, the invention of claim 1 provides an ultrasonic-wave propagation-time meas- 
uring method in which an ultrasonic wave is transmitted by use of an ultrasonic element, a reflection wave of the 

25 transmission wave is received as a reception wave by use of the same ultrasonic element or a different ultrasonic 
element, and a period of time between transmission of the ultrasonic wave and reception of the reception wave is 
measured as a propagation time, the method being characterized by comprising: a reference-value setting step of 
integrating a reception wave or a portion thereof in order to obtain an integral value, and setting a reference value on 
the basis of the integrated value; and a time measurement step performed when a propagation time is to be measured 

30 and comprising integrating a reception wave or a portion thereof in order to obtain an integral value, and measuring, 
as an arrival time of the reception wave, a point in time when the integral value attains the reference value. 
[0009] In the present invention, an ultrasonic reception wave or a portion thereof is integrated in order to obtain an 
integral value, and a reference value (a threshold level) is set on the basis of the integrated value. At the time of actual 
measurement of propagation time, a reception wave or a portion thereof is integrated in order to obtain an integral 

35 value, and a point in time when the integral value attains the reference value is measured as an arrival time of the 
reception wave. 

[0010] That is, ultrasonic reception waves sometimes attenuate due to the surrounding atmosphere (e.g., atmos- 
pheric pressure). In such a case, when a fixed reference value is used as in the conventional techniques, the time at 
which an integral value of a reception wave attains the reference value varies depending on the surrounding atmos- 
40 phere, so that accurate measurement of propagation time becomes impossible. Therefore, in the present invention, 
the reference value is adjustably set on the basis of an actual integral value. 

[0011] Accordingly, when the integral value of a reception wave decreases due to attenuation of the reception wave, 
the reference value (which is set on the basis of the integral value) also decreases. Therefore, at the time of actual 
measurement, the point in time when the integral value of a reception wave attains the (lowered) reference value 

45 represents an accurate arrival time. In other words, in the present invention, the reference value itself can be adjusted 
in consideration of pressure and other factors which influential propagation time. Therefore, even when a reception 
wave attenuates due to pressure or other causes during actual measurement, the propagation time between trans- 
mission of the transmission wave and reception of the reception wave does not change, so that accurate measurement 
of propagation time can be effected at all times. 

50 [0012] (2) The invention of claim 2 is directed to the ultrasonic-wave propagation-time measuring method as de- 
scribed in claim 1, further characterized in that in the reference-value setting step, the reception wave or a portion 
thereof is integrated; and a predetermined integral value obtained during a period between the start of integration and 
the time when a maximum integral value is obtained is set as the reference value. 

[0013] The invention of claim 2 exemplifies the invention according to claim 1 . A reference value which is optimal 
55 for measurement of propagation time can be set freely within the range in which the integral value of the reception 
wave varies. For example, in order to set the reference value a peak integral value (voltage value) which is held by 
use of a peak-hold circuit is divided by use of a resistance-voltage-division circuit. 

[0014] (3) The invention of claim 3 is directed to the ultrasonic-wave propagation-time measuring method as de- 
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scribed in claim 2, further characterized in that the reference value is set to half the maximum integral value. 
[0015] The invention of claim 3 exemplifies the invention according to claim 2. In this case, a value corresponding 
to half the maximum integral value (a center point of the range of variation of the integral value) is used as the reference 
value. Since the reference value corresponds to the center of the range of variation of the integral value, measurement 
5 of propagation time is hardly affected by noise and other causes, and failure to judge arrival time accurately can be 
avoided. Therefore, the present invention is practically useful. 

[0016] (4) The invention of claim 4 is directed to the ultrasonic-wave propagation-time measuring method as de- 
scribed in claim 1, further characterized in that in the reference-value setting step, the integral value is represented in 
the form of a voltage value; and a ratio of the reference value to a maximum integral value is set on the basis of a 
io maximum voltage value, which represents the maximum integral value. 

[0017] The invention of claim 4 exemplifies the invention according to claim 1 . For example, a peak integral value 
(maximum voltage value) which is held by use of a peak-hold circuit is reduced at a predetermined ratio by use of a 
voltage amplifying circuit in order to set the reference value. 

[0018] (5) The invention of claim 5 provides an ultrasonic-wave propagation-time measuring method in which an 

15 ultrasonic wave is transmitted by use of an ultrasonic element, a reflection wave of the transmission wave is received 
as a reception wave by use of the same ultrasonic element or a different ultrasonic element, and a period of time 
between transmission of the ultrasonic wave and reception of the reception wave is measured as a propagation time, 
the method being characterized by comprising: a reference-value setting step of integrating a reception wave or a 
portion thereof in order to obtain an integral value, and setting a reference value on the basis of the integrated value; 

20 and a time measurement step performed when a propagation time is to be measured and measuring, as an arrival 
time of the reception wave, a point in time when the level of a reception wave attains the reference value. 
[0019] In the present invention, an ultrasonic reception wave or a portion thereof is integrated in order to obtain an 
integral value, and a reference value is set on the basis of the integrated value. At the time of actual measurement of 
propagation time, the point in time when the level of a reception wave attains the reference value is measured as an 

25 arrival time of the reception wave. 

[0020] As have been described in relation to claim 1 , ultrasonic reception waves sometimes attenuate due to atmos- 
pheric pressure and other causes. Therefore, in the present invention, the reference value is adjustably set on the 
basis of an actual integral value. In particular, in the present invention, at the time of actual measurement, in place of 
an integral value of a reception wave, the reception wave itself is used for measurement of arrival time of the reception 

30 wave. 

[0021] Like the invention of claim 1, the present invention enables accurate measurement of propagation time. In 
addition, since a reception wave itself is used at the time of actual measurement, calculation and other processing 
performed during the measurement can be simplified. 

[0022] (6) The invention of claim 6 provides a gas sensor which detects the concentration of a specific gas in a gas 
35 under measurement by use of the ultrasonic-wave propagation-time measuring method according to any one of claims 
1 to 5. 

[0023] Propagation time of an ultrasonic wave varies depending on the concentration of a specific gas (to be detect- 
ed), such as fuel vapor, contained in a gas under measurement, such as atmospheric air. Therefore, the concentration 
of a specific gas can be detected through measurement of propagation time of ultrasonic waves. 

40 [0024] In particular, in the present invention, since propagation time can be measured accurately by use of the above- 
described ultrasonic-wave propagation-time measurement method, gas concentration can be detected accurately. 
[0025] The expression "integrating a portion of a reception wave' means integration of a portion (e.g. , a portion useful 
for measurement) of a reception wave, not the entirety of the reception wave. Such integration provides the same effect 
as that obtained when the entirety of the reception wave is integrated. In some cases, integration of a portion of a 

45 reception wave is preferable, from the viewpoint of elimination of noise and decrease in the number of calculations. 
[0026] (7) The invention of claim 7 provides a gas-pressure measurement method comprising: transmitting an ultra- 
sonic wave by use of an ultrasonic element; receiving a reflection wave of the transmission wave as a reception wave, 
by use of the same ultrasonic element or a different ultrasonic element; integrating a reception wave or a portion thereof 
in order to obtain an integral value; and determining the pressure of a gas under measurement on the basis of the 

50 integrated value. 

[0027] In the invention of claim 7, the pressure of a gas under measurement is determined on the basis of the strength 
of an ultrasonic reception wave, making use of the relation between the strength of an ultrasonic reception wave and 
the pressure of a gas under measurement. 

[0028] That is, when an ultrasonic wave propagates in a gas under measurement, the ultrasonic wave attenuates 
55 to a greater degree as the pressure of the gas under measurement decreases, with the result that the strength of a 
reception wave becomes weak. Therefore, when an ultrasonic wave of constant strength is transmitted and the strength 
of a reception wave or a portion thereof having propagated through the gas under measurement is measured, the 
pressure of the gas under measurement can be measured on the basis of the strength. 
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[0029] In particular, in the present invention, a value obtained through integration of a reception wave or a portion 
thereof with respect to time is used as a parameter which represents the strength of the reception wave or a portion 
thereof. Use of such an integral value enables accurate measurement of the strength of the reception wave or a portion 
thereof, while eliminating influence of, for example, noise. 
5 [0030] The following specific method may be used for calculation of gas pressure from the above-mentioned integral 
value. 

[0031] A map which represents the relationship between the integral value and pressure of the gas under measure- 
ment is prepared in advance, and the pressure of the gas under measurement is calculated by use of the map and an 
integral value obtained during actual measurement. 
io [0032] Unlike a method which utilizes a conventionally-employed diaphragm-type gas-pressure sensor, the gas- 
pressure measurement method according to the present invention does not require a mechanically-movable member. 
Therefore, the gas-pressure measurement method according to the present invention is excellent in terms of durability 
and reliability of an apparatus. 

[0033] (8) The invention of claim 8 provides a gas-pressure measurement method comprising: transmitting an ultra- 
is sonic wave by use of an ultrasonic element; receiving a reflection wave of the transmission wave as a reception wave 
by use of the same ultrasonic element or a different ultrasonic element; and measuring the pressure of a gas under 
measurement on the basis of the maximum amplitude of the reception wave or a portion thereof. 
[0034] As in the invention of claim 7, the present invention provides a method of measuring the pressure of a gas 
under measurement while utilizing the strength of an ultrasonic reception wave. In particular, in the present invention, 
20 the maximum amplitude of a reception wave or a portion thereof is used as a parameter which represents the strength 
of the reception wave. 

[0035] That is, as in the case of the integral value used in the invention of claim 7, the maximum amplitude is one 
parameter which indicates the strength of a reception wave and is a value which varies depending on the pressure of 
a gas under measurement. Therefore, the maximum amplitude can be used for gas-pressure measurement. For ex- 

25 ample, when the pressure of a gas under measurement is low, the maximum amplitude decreases. 

[0036] Accordingly, as in the case of the invention of claim 7, the present invention enables measurement of the 
pressure of a gas under measurement. In particular, in the present invention, the number of calculations during meas- 
urement can be reduced, because a process for integrating a reception wave is unnecessary. 
[0037] (9) The invention of claim 9 provides a gas-flow-rate measurement method comprising: measuring the pres- 

30 sure of a gas under measurement by use of the gas-pressure measurement method described in claim 7 or 8; and 
measuring the flow rate of the gas under measurement on the basis of the measured pressure. 
[0038] The present invention utilizes the phenomenon that the flow rate of a gas under measurement flowing through 
a flow path of a constant shape depends on a differential pressure produced in the flow path, and in the method of the 
present invention, a differential pressure produced in the flow path is first measured, and subsequently a gas flow rate 

3S is calculated on the basis of the differential pressure. 

[0039] In order to measure the differential pressure in the flow path, a gas pressure at a predetermined location 
within the flow path is measured by use of the gas-pressure measurement method described in claim 7 or 8, and the 
differential pressure is obtained from the gas pressure. 

[0040] In the case in which the gas pressure at the predetermined location in the flow path is constant (e.g., in the 
40 case in which one end of the flow path is exposed to the atmospheric pressure), the differential pressure in the flow 
path is univocally determined through measurement of the gas pressure at another point in the flow path. Therefore, 
measurement of gas pressure is required at only a single location. 

[0041] Subsequently, the flow rate of the gas under measurement is calculated on the basis of the differential pressure 
obtained in the above-described manner. 
45 [0042] Specifically, a map which represents the relationship between differential pressure produced in the flow path 
and flow rate of the gas under measurement is prepared in advance, and a flow rate of the gas under measurement 
is calculated by use of the map and an actually measured differential pressure. 

[0043] In the present invention, since the pressure of a gas under measurement is measured, and the flow rate of 
the gas under measurement is calculated on the basis of the pressure, both the pressure and flow rate of the gas under 
so measurement can be measured. 

[0044] Therefore, when the pressure and flow rate of a gas under measurement are measured by use of the present 
invention, both the pressure and flow rate can be measured by use of a single gas sensor, so that cost and installation 
space of the gas sensor can be decreased. 

[0045] (10) The invention of claim 1 0 provides a gas sensor which detects the pressure of a gas under measurement 
55 through use of the gas-pressure measurement method described in claim 7 or 8. 

[0046] The gas sensor of the present invention provides effects similar to those described in relation to claims 7 and 8. 
[0047] (11) The invention of claim 11 provides a gas sensor which detects the concentration of a specific gas con- 
tained in a gas under measurement, through use of the ultrasonic-wave propagation-time measurement method de- 
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scribed in any one of claims 1 to 5, and detects the pressure of the gas under measurement through use of the gas- 
pressure measurement method described in claim 7 or 8. 

[0048] Since the gas sensor of the present invention measures the concentration of a gas under measurement in a 
manner similar to that used for the gas sensor described in claim 6, the gas sensor of the present invention provides 
s effects similar to those provided by the gas sensor described in claim 6. 

[0049] Since the gas sensor of the present invention measures the pressure of a gas under measurement in a manner 
similar to that used for the gas sensor described in claim 10, the gas sensor of the present invention provides effects 
similar to those described in relation to claim 10. 

[0050] Moreover, since the present invention enables measurement of the concentration of a specific gas contained 
10 in a gas under measurement and the pressure of the gas under measurement through use of a single gas sensor, cost 
and installation space of the gas sensor can be decreased as compared with the case in which gas concentration and 
gas pressure are measured by use of different gas sensors. 

[0051] Furthermore, the gas sensor of the present invention measures gas concentration and gas pressure through 
utilization of attributes (propagation speed in measurement of concentration of a specific gas, and strength of a recep- 

is tion wave in pressure measurement) of ultrasonic waves propagating through the gas under measurement. 

[0052] Accordingly, among structural portions of the gas sensor of the present invention, portions related to ultrasonic 
waves (e.g., an ultrasonic element, an ultrasonic propagation path, a reflection surface, and a signal processing circuit) 
can be used in common for gas-concentration measurement and gas-pressure measurement. Therefore, the gas sen- 
sor of the present invention can be rendered further compact. 

20 [0053] (12) The invention of claim 1 2 provides a gas sensor which detects the pressure of a gas under measurement 
through use of the gas-pressure measurement method described in claim 7 or 8, and detects the flow rate of the gas 
under measurement through use of the gas-flow-rate measurement method described in claim 9. 
[0054] Since the gas sensor of the present invention measures the concentration of a gas under measurement in a 
manner similar to that used for the gas sensor described in claim 6, the gas sensor of the present invention provides 

25 effects similar to those provided by the gas sensor described in claim 6. 

[0055] Further, since the gas sensor of the present invention measures the flow rate of the gas under measurement 
in accordance with the gas-flow-rate measurement method described in claim 9, the gas sensor of the present invention 
provides effects similar to those described in relation to claim 9. 

[0056] Moreover, since the present invention enables measurement of pressure and flow rate of a gas under meas- 
30 urement through use of a single gas sensor, cost and installation space of the gas sensor can be decreased. 

[0057] In particular, the gas sensor of the present invention calculates gas flow rate on the basis of a measured gas 
pressure, through use of, for example, a map. Therefore, hardware portions for measurement of gas flow can be 
reduced. Accordingly, the gas sensor of the present invention can be made compact. 

[0058] (1 3) The invention of claim 1 3 provides a gas sensor which detects the concentration of a specific gas con- 
35 tained in a gas under measurement through use of the ultrasonic-wave propagation time measurement method de- 
scribed in any one of claims 1 to 5, detects the pressure of the gas under measurement through use of the gas-pressure 
measurement method described in claim 7 or 8, and detects the flow rate of the gas under measurement through use 
of the gas-flow-rate measurement method described in claim 9. 

[0059] Since the gas sensor of the present invention measures the concentration of a gas under measurement in a 
40 manner similar to that used for the gas sensor described in claim 6, the gas sensor of the present invention provides 
effects similar to those provided by the gas sensor described in claim 6. 

[0060] Since the gas sensor of the present invention measures the pressure of the gas under measurement in a 
manner similar to that used for the gas sensor described in claim 10, the gas sensor of the present invention provides 
effects similar to those provided by the gas sensor described in claim 10. 
45 [0061] Moreover, since the gas sensor of the present invention measures the flow rate of a gas under measurement 
in accordance with the gas-flow-rate measurement method described in claim 9, the gas sensor of the present invention 
provides effects similar to those described in relation to claim 9. 

[0062] Since the present invention enables measurement of concentration of a specific component of a gas under 
measurement and pressure and flow rate of the gas under measurement through use of a single gas sensor, cost and 
50 installation space of the gas sensor can be decreased. 

[0063] (14) The invention of claim 14 is directed to the gas sensor described in claim 10, further characterized in 
that the gas under measurement is a gas within an intake pipe or canister purge line in an internal combustion engine. 
[0064] The invention of claim 14 exemplifies the gas under measurement. 

[0065] Since the gas sensor of the present invention can measure gas pressure within the intake pipe or canister 
55 purge line, the gas sensor can be used for optimal control of the ratio between fuel and air supplied to the internal 
combustion engine. 

[0066] The following example method may be employed for such control. The gas pressure within the intake pipe or 
canister purge line is measured by use of the gas sensor of the present invention; the flow rate of the gas flowing within 
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the intake pipe or canister purge line is calculated from the measured pressure (by the method described in claim 9); 
and at the same time, the concentration of vaporized fuel in the gas is measured by use of another method. From the 
gas flow-rate and the concentration of vaporized fuel, the quantity of vaporized fuel supplied from the intake pipe to 
the internal combustion engine (hereinafter referred to as "vaporized-fuel quantity") can be calculated. 

s [0067] Accordingly, the total quantity of fuel supplied to the internal combustion engine can be accurately calculated 
from the vaporized-fuel quantity and a known quantity of fuel supplied from an injector; and on the basis of the total 
quantity, the fuel/air ratio within a gas which takes part in combustion within the internal combustion engine can be 
controlled properly. As a result, toxic components contained in exhaust gas can be decreased in concentration. 
[0068] (15) The invention of claim 15 is directed to the gas sensor described in claim 11 , further characterized in that 

10 the gas under measurement is a gas within an intake pipe or canister purge line in an internal combustion engine; and 
in that the specific component is fuel for the internal combustion engine. 

[0069] The invention of claim 1 5 exemplifies the gas under measurement and the specific component. 
[0070] When a flow rate of a gas flowing within the intake pipe or canister purge line and the concentration of vaporized 
fuel within the gas are measured by use of the gas sensor of the present invention, the quantity of vaporized fuel 
is supplied from the intake pipe to the internal combustion engine can be calculated from the gas flow rate and the 
concentration of vaporized fuel. 

[0071] Accordingly, as in the invention of claim 14, the fuel/air ratio within a gas which takes part in combustion within 
the internal combustion engine can be controlled properly, whereby toxic components contained in exhaust gas can 
be decreased in concentration. 
20 [0072] (16) The invention of claim 16 is directed to the gas sensor described in claim 12, further characterized in 
that the gas under measurement is a gas within an intake pipe or canister purge line in an internal combustion engine. 
[0073] The invention of claim 16 exemplifies the gas under measurement. 

[0074] When the flow rate of the gas flowing within the intake pipe or canister purge line is measured by use of the 
gas sensor of the present invention, and the concentration of vaporized fuel in the gas is measured by use of another 
25 method, the quantity of vaporized fuel supplied from the intake pipe to the internal combustion engine can be calculated 
from the gas flow-rate and the concentration of vaporized fuel. 

[0075] Accordingly, as in the invention of claim 14, the air/fuel ratio within a gas which takes part in combustion within 
the internal combustion engine can be controlled properly, whereby toxic components contained in exhaust gas can 
be decreased in concentration. 
30 [0076] (17) The invention of claim 17 is directed to the gas sensor described in claim 13, further characterized in 
that the gas under measurement is a gas within an intake pipe or canister purge line in an internal combustion engine; 
and in that the specific component is fuel for the internal combustion engine. 

[0077] The invention of claim 1 7 exemplifies the gas under measurement and the specific component. 
[0078] When the flow rate of a gas flowing within the intake pipe or canister purge line and the concentration of 
35 vaporized fuel within the gas are measured by use of the gas sensor of the present invention, the quantity of vaporized 
fuel supplied from the intake pipe to the internal combustion engine can be calculated from the gas flow rate and the 
concentration of vaporized fuel. 

[0079] Accordingly, as in the invention of claim 14, the air/fuel ratio within a gas which takes part in combustion within 
the interna! combustion engine can be controlled properly, whereby toxic components contained in exhaust gas can 
40 be decreased in concentration. 

[0080] Embodiments of the invention will now be described, by way of example only, with reference to the accom- 
panying drawings in which: - 

[0081] Fig. 1 is an explanatory view showing a gas concentration sensor of the first embodiment. 
[0082] Fig. 2 is an explanatory view showing the basic principle of the gas concentration sensor of the first embod- 
45 jment. 

[0083] Fig. 3 is a block diagram showing the electrical configuration of the gas concentration sensor of the first 
embodiment. 

[0084] Fig. 4 is an explanatory view relating to the first embodiment and showing processing of a reception wave. 
[0085] Fig. 5 is a graph relating to the first embodiment and showing a map for obtaining gas concentration. 
so [0086] Fig. 6 is an explanatory view relating to the first embodiment and showing an evaluation apparatus for the 
gas concentration sensor. 

[0087] Fig. 7 is a graph relating to the first embodiment and showing a ratio of variation in propagation time when 
the atmospheric pressure is changed. 

[0088] Fig. 8 is a block diagram showing the electrical configuration of a gas concentration sensor of the second 
55 embodiment. 

[0089] Fig. 9 is a graph relating to the second embodiment and showing a ratio of variation in propagation time when 
the atmospheric pressure is changed. 

[0090] Fig. 10 is a block diagram showing the electrical configuration of a gas concentration sensor of the third 
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embodiment. 

[0091] Fig. 11 is an explanatory view showing a fuel supply system of the fourth embodiment. 

[0092] Fig. 12 is a block diagram showing the electrical configuration of the gas concentration/pressure sensor of 

the fourth embodiment. 

s [0093] Fig. 1 3 is a graph relating to the fourth embodiment and showing a map for obtaining gas pressure. 
[0094] Fig. 14 is a graph relating to the fourth embodiment and showing a map for obtaining gas flow rate. 
[0095] Reference numerals are used to identify items shown in the drawings as follows: 

I gas concentration sensor 
10 3 drive/calculation circuit 

5 ultrasonic-wave transmission/reception element (ultrasonic element) 

7 measurement chamber 

9 reflection surface 

I I thermistor 

1$ 101 gas concentration/pressure sensor 
110 intake pipe 

I I I engine 

112 gasoline tank 
1 1 4 canister 
20 115 canister purge line 

First Embodiment 

[0096] The present embodiment is directed to detection of the concentration of a specific gas (vaporized fuel) in air, 
25 which is a gas under measurement (i.e., atmosphere to be measured), by use of a gas sensor (gas concentration 
sensor) utilizing the ultrasonic-wave propagation-time measuring method. 

[0097] a) First, the structure of the gas concentration sensor according to the present embodiment will be described. 
[0098] The gas concentration sensor of the present embodiment is an ultrasonic-type gas concentration sensor in 
which ultrasonic waves are generated by use of a piezoelectric element; in particular, a common ultrasonic-wave trans- 
30 mission/reception element (hereinafter may be simply referred to as an "ultrasonic element") is used for transmission 
and reception of ultrasonic waves. 

[0099] Specifically, as shown in FIG. 1, the gas concentration sensor 1 comprises a drive/calculation circuit 3 for 
performing drive and calculation required for detection of gas concentration; an ultrasonic element 5 for effecting trans- 
mission and reception of ultrasonic waves; a measurement chamber 7 into which is introduced intake gas, which is a 

35 gas under measurement and contains a specific gas; a reflection surface 9 which is separated a predetermined distance 
from the ultrasonic element 5 such that the reflection surface 9 faces the ultrasonic element 5 to thereby reflect ultrasonic 
waves within the measurement chamber 7; a thermistor 11 for measuring the temperature within the measurement 
chamber 7; a gas inlet port 13 into which intake gas flows; and a gas outlet port 15 through which the intake gas exits. 
[0100] b) The principle of operation of the gas concentration sensor 1 will next be described. 

40 [0101] In FIG. 2, in order to facilitate understanding, the ultrasonic element 5 is illustrated as having separate trans- 
mission and reception elements 5a and 5b. However, in the present invention, the ultrasonic element 5 actually has a 
common transmission/reception element. 

[01 02] (1 ) As shown in FIG. 2, when concentration measurement is performed by use of the gas concentration sensor 
1, an ultrasonic wave is transmitted from the transmission device 5a, and the ultrasonic wave is received by the re- 

45 ception device 5b. At this time, a shift is produced between the transmission wave and the reception wave in accordance 
with a propagation time which varies with concentration of a specific gas (e.g., vaporized fuel) within the intake gas. 
[0103] When the concentration of vaporized fuel is low, as in FIG. 2(a), a relatively short propagation time T1 results; 
i.e., a relatively small shift is produced between the transmission wave and the reception wave. In contrast, when the 
concentration of vaporized fuel is high, as shown in FIG. 2(b), a relatively long propagation time T2 results; i.e., a 

50 relatively large shift is produced between the transmission wave and the reception wave. Accordingly, the gas concen- 
tration can be detected through detection of a sensor output which corresponds to the propagation time. 
[0104] (2) Next will be described general operation of the gas concentration sensor 1 which operates on the basis 
of the above-described principle. 

[0105] A gas under measurement flows from the gas inlet port 1 3 into the measurement chamber 7 and then flows 
55 to the outside through the gas outlet port 1 5. During such flow, the concentration of a specific gas contained in the gas 
under measurement is measured within the measurement chamber 7. Specifically, when the propagation time of an 
ultrasonic wave within the measurement chamber 7 is measured, an ultrasonic wave is first transmitted from the ultra- 
sonic element 5. The transmitted ultrasonic wave passes through the gas under measurement and is reflected by the 
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reflection surface 9. The reflected wave passes through the gas under measurement and is received by the same 
ultrasonic element 5. 

[0106] As will be described in detail later, the drive/calculation circuit 3 calculates the propagation time between the 
timing of transmission (emission time) of a transmission wave and the timing of reception (arrival time) of a correspond- 
5 ing reception wave. The drive/calculation circuit 3 also detects the temperature within the measurement chamber 7 on 
the basis of a signal from the thermistor 11 . 

[01 07] Since the propagation time depends on gas concentration and is affected by temperature, the drive/calculation 
circuit 3 obtains the concentration of a specific gas from a predetermined map and in accordance with a procedure 
which will be described below 

io [0108] c) Next, the procedure for detection of gas concentration will be described in more detail, together with 
processing performed in the drive/calculation circuit 3. It is to be noted that in FIG. 3 the internal structure of a micro- 
processor 21 is illustrated functionally. 

[0109] (i) As shown in the block diagram of FIG. 3, a transmission timing section 21a of the microprocessor 21 
produces a signal indicating a transmission timing, which is sent to a transmission circuit 25. An electrical pulse signal 
'5 output from the transmission circuit 25 is transmitted to the ultrasonic element 5 via a transmission/reception change- 
over circuit 27. The ultrasonic element 5 converts the electrical pulse signal to an ultrasonic wave (transmission wave) 
and transmits it toward the reflection surface 9. 

[0110] A pulse energy (reception wave) received by the ultrasonic element 5 after being reflected by the reflection 
surface 9 is converted to an electrical signal by the ultrasonic element 5. 

20 [0111] At this point of time, the transmission/reception changeover circuit 27 switches the signal path from the trans- 
mission circuit 25 to a reception amplification circuit 29. Therefore, the electrical signal (indicating the reception wave) 
from the ultrasonic element 5 is fed to a full-wave rectification circuit 31 so as to undergo full-wave rectification. A clip 
circuit 33 removes noise from the resultant signal in order to obtain a noise-free waveform, on the basis of which a 
square-wave generation circuit 35 generates a square wave. It is to be noted that full-wave rectification decreases the 

2S degree of unevenness of the produced square wave. 

[01 1 2] An integration circuit 37 integrates the square wave to thereby obtain an integral value, and a peak-hold circuit 
39 holds a peak value of the integral value. Subsequently, a resistance-voltage-division circuit 41 obtains half the peak 
value and outputs the same as a threshold level (reference value) for a comparator 43. 

[0113] (ii) FIG. 4 shows variations in the reception wave up to this point. The reception wave is amplified by the 
30 reception amplification circuit 29 (see (1) in FIG. 4), subjected to full-wave rectification performed by the full-wave 
rectification circuit 31 (see (2) in FIG. 4), subjected to noise cut performed by the clip circuit 33 (see (3) in FIG. 4), and 
integrated by the integration circuit 37 (see (4) in FIG. 4). On the basis of a resultant integral value, the peak-hold 
circuit 39 and the resistance-voltage-division circuit 41 hold a center potential which serves as a threshold level (see 
(5) in FIG. 4). 

35 [0114] (iii) Referring back to FIG. 3, when an actual gas concentration is detected, integration of a reception wave 
is effected in steps simitar to those for setting the above-described threshold level. Subsequently, the comparator 43 
judges whether the integral value has attained the threshold level. When the integral value is judged to have attained 
the threshold level, the comparator 43 transmits to a concentration conversion section 21b of the microprocessor 21 
a signal which reports the judgment result. 

40 [0115] The time of reception of the signal is a reception timing (arrival time). It is to be noted that the transmission 
timing (emission time) is transmitted in advance from the transmission timing section 21a to the concentration conver- 
sion section 21b and stored therein. 

[0116] Upon reception of the signal from the comparator 43, the concentration conversion section 21 b of the micro- 
processor 21 calculates a period of time (i.e., propagation time) from the emission time to a time when the integral 

45 value attains the threshold level. 

[0117] (iv) Meanwhile, the signal from the thermistor 11 is input to an AD conversion section 21c via a temperature 
measurement circuit 45, and a signal representing the temperature is input to the concentration conversion section 21 b. 
[0118] (v) Accordingly, the concentration conversion section 21 b obtains the concentration of the specific gas from 
the propagation time, while taking into consideration the temperature conditions. 

so [01 1 9] More specifically, a sonic velocity C is first calculated from the propagation time by use of the following equation 
(1): 

Sonic velocity C = (round-trip distance between the element surface and the 

55 

reflection surface)/propagation time (1 ) 

[0120] Next, since the sonic velocity C varies with temperature, through use of the measured temperature, the sonic 
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velocity C is converted to a sonic velocity KC measured at a reference temperature. Subsequently, gas concentration 
is obtained by use of a map (e.g., a map as shown in FIG. 5) which shows the relationship (proportional relationship) 
between sonic velocity KC and gas concentration. 

[0121] The thus-obtained gas concentration is converted to an analog value by an AD conversion section 21d and 
5 is displayed on, for example, a display unit 47. 

[0122] As described above, in the present embodiment, half the maximum integral value is set as a threshold level; 

during measurement of propagation time, a period of time between the timing of transmission of a transmission wave 

and a time when the integral value of a reception wave attains the threshold level is measured as a propagation time; 

and gas concentration is detected on the basis of the propagation time and in consideration of temperature. Therefore, 
io the detection is hardly affected by a decrease in pressure of atmospheric air (gas under measurement), and thus the 

gas concentration can be detected accurately at all times. 

[01 23] That is, in the conventional technique (fixed threshold level), when the pressure of a gas under measurement 
decreases, a reception wave attenuates, and an integral value decreases accordingly, resulting in an increase in prop- 
agation time, which renders measurement of gas concentration inaccurate. By contrast, in the measurement method 
is according to the present embodiment, even when the reception wave attenuates, measurement of propagation time; 
i.e., measurement of gas concentration, can be performed accurately, because half the integrated value is always used 
as a threshold level (used for judgment of arrival time). 

[0124] In the present embodiment, within a range in which an integral value varies from the start of integration and 
attains the maximum, half the maximum value is used as the threshold level. However, an arbitrary point within the 

20 range can be used as the threshold level. 

[0125] Further, the arbitrary point may be determined by use of the microprocessor. For example, an integral value 
is converted to a digital signal which is then input to the microprocessor in order to set an appropriate point as the 
threshold level. In this case, for detection of gas concentration, an integral value is converted to a digital signal, which 
is then compared with the threshold level in order to measure propagation time. 

25 [01 26] d) Next will be described an evaluation test performed in order to confirm the effects of the gas concentration 
sensor 1 of the present embodiment. 

[0127] (1 ) An evaluation apparatus as shown in FIG. 6 was used for the evaluation test. The evaluation apparatus 
comprises a mass flow controller for adjusting gas flow rate; a gas concentration sensor to be evaluated; a display unit 
for displaying gas concentration; and a concentration analyzer (e.g., an infrared concentration analyzer) for confirming 
30 concentration. 

[01 28] Gas mixtures (gas under measurement) of butane (specific gas) and nitrogen (base gas) of different butane 
concentrations were prepared, and each was supplied to the gas concentration sensor in a respective test run per- 
formed at 25°C. The thus-measured concentration was displayed on the display unit, and correct concentration was 
measured by use of the concentration analyzer. The results are shown in Table 1 below. 

35 



Table 1 



No. 


Detection results (vol.%) 




Gas concentration sensor 


Concentration analyzer 


1 


20.1 


20.4 


2 


39.8 


40.3 


3 


80.8 


80.1 



45 [01 29] As is apparent from Table 1 , the detection values of the gas concentration sensor of the present embodiment 
are substantially the same as those obtained through use of the concentration analyzer, and therefore the gas con- 
centration sensor of the present embodiment is found to be considerably accurate. 

[0130] (2) Separately, an evaluation test was performed while the pressure (atmospheric pressure) of the gas mixture 
was varied. 

50 [0131] This evaluation test was performed by use of the gas concentration sensor of the present embodiment (the 
threshold level was half an integration value) and a conventional gas concentration sensor (the threshold level was 
fixed). While the pressure of the gas mixture was varied, propagation time at the time of gas-concentration detection 
was measured at 25°C, and a propagation time variation ratio was calculated. The term "propagation time variation 
ratio" refers to percent variation in propagation time from a theoretical value. 

55 [01 32] The results are shown in FIG. 7. In the conventional gas concentration sensor, errors involved in propagation 
time increase as atmospheric pressure decreases. By contrast, in the gas concentration sensor of the present invention, 
errors are hardly produced even when atmospheric pressure changes. 
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[0133] Similar results are obtained even when the ultrasonic element is composed of separate transmission and 
reception elements. 

Second Embodiment 

5 

[0134] Next, a gas sensor (gas concentration sensor) of a second embodiment will be described. Descriptions are 
simplified for portions similar to those of the first embodiment. 

[0135] Although the gas concentration sensor of the second embodiment has a structure similar to that of the first 
embodiment, as shown in FIG. 8, the sensor of the second embodiment differs greatly from that of the first embodiment 
10 in that an amplification circuit 51 is used in place of the resistance-voltage-division circuit. 

[01 36] a) The procedu re for detection of gas concentration in the present embodiment will be described with reference 
to the block diagram of FIG. 8. 

[0137] (i) First, the transmission timing section 21a of the microprocessor 21 produces a signal indicating a trans- 
mission timing, which is sent to the transmission circuit 25. An electrical pulse signal output from the transmission 
'5 circuit 25 is transmitted to the ultrasonic element 5 via the transmission/reception changeover circuit 27. The ultrasonic 
element 5 converts the electrical pulse signal to an ultrasonic wave (transmission wave) and transmits it toward the 
reflection surface 9. 

[0138] A pulse energy (reception wave) received by the ultrasonic element 5 after being reflected by the reflection 
surface 9 is converted to an electrical signal by the ultrasonic element 5. 

20 [01 39] At this point in time, the transmission/reception changeover circuit 27 switches the signal path from the trans- 
mission circuit 25 to the reception amplification circuit 29. Therefore, the electrical signal (indicating the reception wave) 
from the ultrasonic element 5 is fed to the full-wave rectification circuit 31 so as to undergo full-wave rectification. The 
clip circuit 33 removes noise from a resultant signal in order to obtain a noise-free waveform, on the basis of which the 
square-wave generation circuit 35 generates a square wave. 

25 [0140] The integration circuit 37 integrates the square wave to thereby obtain an integral value, and the peak-hold 
circuit 39 holds a peak value of the integral value. Subsequently, the amplification circuit 51 adjusts its output voltage 
in accordance with the peak value and outputs the output voltage as a threshold level (reference value) for the com- 
parator 43. For example, the threshold level is set to half the peak voltage. 

[0141] (ii) When an actual gas concentration is detected, integration of a reception wave is effected in steps similar 
30 to those for setting the above-described threshold level. Subsequently, the comparator 43 judges whether the integral 
value has attained the threshold level. When the integral value is judged to have attained the threshold level, the 
comparator 43 transmits to the microprocessor 21 a signal which reports the judgment result. Upon reception of the 
signal from the comparator 43, the concentration conversion section 21 b of the microprocessor 21 calculates a period 
of time (i.e., propagation time) from the emission time to a time when the integral value attains the threshold level. 
35 [0142] (iii) Meanwhile, the signal from the thermistor 11 is input to the AD conversion section 21 c via the temperature 
measurement circuit 45, and a signal representing temperature is input to the concentration conversion section 21b. 
[0143] (v) Accordingly, the concentration conversion section 21b obtains the concentration of the specific gas from 
the propagation time, while taking into consideration the temperature conditions. 

[01 44] More specifically, a sonic velocity C is first calculated from the propagation time by use of the above-described 
40 equation (1), and through use of the measured temperature, the sonic velocity C is converted to a sonic velocity KC 
measured at a reference temperature. Subsequently, gas concentration is obtained by use of a map which shows the 
relationship between sonic velocity KC and gas concentration. 

[01 45] As described above, in the present embodiment, the threshold voltage is adjusted by the amplification circuit 
51 in accordance with the peak voltage, and propagation time is measured from an integral value of a reception wave 
45 by use of the threshold voltage 

[0146] Therefore, as in the first embodiment, gas concentration can be detected accurately without influence of 
pressure variation. In addition, in the present embodiment, since the threshold voltage can be changed easily, conditions 
for easiest measurement can be easily set in accordance with measurement conditions. 

[0147] d) Next will be described an evaluation test performed in order to confirm the effects of the gas concentration 

so sensor 1 of the present embodiment. 

[0148] In the evaluation test, evaluation was performed by use of an evaluation apparatus similar to that used in the 
first embodiment, while the pressure (atmospheric pressure) of the gas mixture was varied. 
[01 49] Specifically, this evaluation test was performed by use of the gas concentration sensor of the present embod- 
iment (the threshold level was half the peak voltage) and a conventional gas concentration sensor (the threshold level 

55 was fixed). While the pressure of the gas mixture was varied, propagation time at the time of gas-concentration detection 
was measured at 25°C, and a propagation time variation ratio was calculated. 

[0150] The results are shown in FIG. 9. In the conventional gas concentration sensor, errors involved in propagation 
time increase as atmospheric pressure decreases. By contrast, in the gas concentration sensor of the present invention, 
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errors are hardly produced even when atmospheric pressure changes. 
Third Embodiment 

s [0151] Next, a gas sensor (gas concentration sensor) of a third embodiment will be described Descriptions are 
simplified for portions similar to those of the second embodiment. 

[0152] Although the gas concentration sensor of the third embodiment has a structure similar to that of the gas 
concentration sensor of the second embodiment, as shown in FIG. 10, the sensor of third embodiment differs in structure 
from that the second embodiment in, for example, a waveform-shaping circuit. In addition, the third embodiment is 
10 characterized in that actual measurement employs not an integral value of a reception wave, but the reception wave 
itself. 

[0153] The procedure for detection of gas concentration in the present embodiment will be described with reference 
to the block diagram of FIG. 10. 

[0154] (i) First, the transmission timing section 21a of the microprocessor 21 produces a signal indicating transmis- 
15 sion timing, which is sent to the transmission circuit 25. An electrical pulse signal output from the transmission circuit 
25 is transmitted to the ultrasonic element 5 via the transmission/reception changeover circuit 27. The ultrasonic ele- 
ment 5 converts the electrical pulse signal to an ultrasonic wave (transmission wave) and transmits it toward the re- 
flection surface 9. 

[0155] A pulse energy (reception wave) received by the ultrasonic element 5 after being reflected by the reflection 

20 surface 9 is converted to an electrical signal by the ultrasonic element 5. 

[01 56] At this point in time, the transmission/reception changeover circuit 27 switches the signal path from the trans- 
mission circuit 25 to the reception amplification circuit 29. Therefore, the electrical signal (indicating the reception wave) 
from the ultrasonic element 5 is fed to a waveform-shaping circuit 53, in which a portion of the waveform of the signal 
is cut. The integration circuit 37 integrates the thus-obtained signal to thereby obtain an integral value, and the peak- 

2S hold circuit 39 holds a peak value of the integral value. 

[0157] Subsequently, the amplification circuit 51 adjusts its output voltage in accordance with the peak value and 
outputs the output voltage as a threshold level (reference value) for the comparator 43. For example, the threshold 
level is set to half the peak voltage. 

[0158] (ii) When actual gas concentration is detected, a reception wave is amplified by the reception amplification 
30 circuit 29. The comparator 43 judges whether the amplified reception wave has attained the threshold level. When the 
amplified reception wave is judged to have attained the threshold level, the comparator 43 transmits to the microproc- 
essor 21 a signal which reports the judgment result. 

[0159] Upon reception of the signal from the comparator 43, the concentration conversion section 21 b of the micro- 
processor 21 calculates a period of time (i.e., propagation time) from the emission time to the time when the amplified 

35 reception wave attains the threshold level. 

[01 60] (iii) Meanwhile, the signal from the thermistor 1 1 is input to the AD conversion section 21 c via the temperature 
measurement circuit 45, and a signal representing the temperature is input to the concentration conversion section 21 b. 
[01 61] (v) Accordingly, the concentration conversion section 21 b obtains the concentration of the specific gas from 
the propagation time, while taking into consideration the temperature conditions. 

40 [01 62] More specifically, a sonic velocity C is first calculated from the propagation time by use of the above described 
equation (1), and through use of the measured temperature, the sonic velocity C is converted to a sonic velocity KC 
measured at a reference temperature. Subsequently, gas concentration is obtained by use of a map which shows the 
relationship between sonic velocity KC and gas concentration. 

[01 63] As described above, in the present embodiment, the threshold voltage is adjusted by the amplification circuit 
45 51 in accordance with peak voltage, and propagation time is measured through use of an amplified reception wave. 
[0164] Therefore, effects similar to those achieved in the second embodiment are achieved. In addition, since inte- 
gration of a reception wave is not required for gas-concentration detection, the amount of calculation processing de- 
creases. Fourth Embodiment 

[0165] A fourth embodiment of the present invention relates to a fuel supply system of an automobile engine, the 
so fuel supply system being equipped with a gas sensor (gas concentration/pressure sensor) which measures the con- 
centration of vaporized fuel through utilization of propagation time of an ultrasonic wave and measures the pressure 
of an atmospheric gas (gas under measurement) through utilization of strength of an ultrasonic reception wave. 
[01 66] a) First, the structure of the automobile-engine fuel supply system of the fourth embodiment will be described 
with reference to FIG. 11. 

55 [0167] The automobile-engine fuel supply system of the fourth embodiment mainly comprises an engine 111; an 
ECU 109 for controlling operation conditions of the engine 111; a gasoline tank 112 for storing fuel to be supplied to 
the engine 111; an injector 113 for adjusting the amount of fuel supplied to the engine 111; an intake pipe 110 for 
supplying air to the engine 1 11 ; an air-flow sensor 11 9 for detecting and adjusting the flow rate of air flowing through 
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the intake pipe 1 1 0; a canister 1 1 4 for temporarily trapping fuel vaporized in the gasoline tank 1 1 2; a purge line 1 1 5 for 
feeding vaporized fuel accumulated in the canister 11 4 to the intake pipe 1 1 0; a purge valve 11 8 for opening and closing 
the purge line 115; an exhaust pipe 116 for exhausting exhaust gas discharged from the engine 111 ; an 0 2 sensor 117 
for measuring 0 2 concentration in the exhaust pipe 116; and a gas concentration/flow rate sensor 101 for detecting 
s vaporized fuel concentration and atmospheric gas pressure within the pipe (a sensor 101a disposed at the purge line 
115 and a sensor 101b disposed at the intake pipe). 

[0168] In the fuel supply system of the fourth embodiment, vaporized fuel generated in the gasoline tank 112 is 
temporarily trapped in the canister 114, and is sucked from the canister 114 by means of negative pressure in the 
intake pipe 110. A gas mixture (purge gas) of the vaporized fuel and air reaches the intake pipe 110 via the purge line 
10 115 and is then fed into the en gine 111. 

[0169] On the basis of signals fed from the gas concentration/pressure sensor 101, the 0 2 sensor 117, and the 
engine 1 1 1 , the ECU 1 09 adjusts the openings of the injector 1 1 3, the air-flow sensor 1 1 9, and the purge valve 1 1 8 to 
thereby control the operation conditions of the engine 111 . 

[0170] In particular, on the basis of the gas flow rate and vaporized fuel concentration within the intake pipe 110 and 
is the purge line 115 detected by the gas concentration/pressure sensor 101, the ECU 109 calculates an amount of 
vaporized fuel introduced from the intake pipe 110 into the engine 111 and, on the basis of the amount of vaporized 
fuel, controls the injector 1 1 3 and the air-flow sensor 11 9 in order to optimize the ratio between fuel and air introduced 
into the engine 111 (fuel/air ratio). 

[0171] b) The gas concentration/pressure sensor 101 of the fourth embodiment has a structure similar to that of the 
20 gas concentration sensor of the first embodiment. However, as will be described later, the concentration/pressure 
sensor 101 differs from the gas concentration sensor of the first embodiment in the structure of the drive/calculation 
circuit 3 shown in FIG. 1. 

[0172] c) Next, the principle of operation of the gas concentration/pressure sensor 101 will be described. 
[0173] (1 ) The principle of measurement of concentration of vaporized fuel within an atmospheric gas is the same 
25 as that of the gas concentration sensor 1 of the first embodiment. 

[0174] (2) Next, the principle of measurement of pressure of the atmospheric gas will be described. 

[0175] An ultrasonic wave is transmitted from the transmission element 5b and is received by the reception element 

5a. 

[0176] At this time, the strength of the reception wave is lower than that of the transmission wave, due to attenuation, 
30 which increases as the pressure of the atmospheric gas decreases. Accordingly, when the strength of the transmission 
wave is maintained constant, as shown in FIG. 1 3, the strength of the reception wave decreases with the pressure of 
the atmospheric gas. 

[0177] Taking advantage of this phenomenon, the pressure of the atmospheric gas can be detected on the basis of 
an output of the sensor corresponding to the strength of the reception wave. 
35 [01 78] An integral value obtained through integration of a reception wave or a portion thereof, or a maximum ampli- 
tude of the reception wave or a portion thereof, can be used as a parameter which indicates the strength of the reception 
wave or a portion thereof. In FIG. 13, the integral value is used. 

[0179] Further, the gas concentration/pressure sensor 101 can calculate the flow rate of the atmospheric gas through 
use of the pressure of the atmospheric gas detected in the above-described manner. 

40 [0180] That is, the flow rate of the atmospheric gas flowing within the intake pipe 110 or the purge line 115 is deter- 
mined by a differential pressure between the gas pressure in the interior of the pipe or line and the gas pressure at the 
inlet of the pipe or line. Since the pressure at the inlet is always constant (atmospheric pressure), the flow rate of the 
atmospheric gas flowing within the intake pipe 1 1 0 or the purge line 1 1 5 can be calculated from a pressure value output 
from the gas concentration/pressure sensor 101. 

45 [0181] d) Next will be described general operation of the gas concentration/pressure sensor 1 01 which operates on 
the basis of the above-described principle. 

[0182] As in the gas concentration sensor 1 of the first embodiment, an atmospheric gas flows from the gas inlet 
port 1 3 into the measurement chamber 7 and then flows to the outside from the gas outlet port 1 5. On the basis of the 
propagation speed of an ultrasonic wave within the measurement chamber 7, the concentration of vaporized fuel in 

50 the atmospheric gas is measured. 

[0183] In particular, in the fourth embodiment, the pressure of the atmospheric gas is measured within the measure- 
ment chamber 7. Specifically, an ultrasonic wave transmitted from the ultrasonic element 5 passes through the atmos- 
pheric gas within the measurement chamber 7 and is reflected by the reflection surface 9. The reflected wave passes 
through the atmospheric gas and is received by the same ultrasonic element 5. As will be described later, the drive/ 

55 calculation circuit 3 subjects the reception wave to integration processing to thereby calculate an integration value of 
the reception wave. The integration value of the reception wave is a value relating to the pressure of the atmospheric 
gas, and the drive/calculation circuit 3 obtains the pressure of the atmospheric gas by use of a predetermined map 
and in accordance with a procedure which will be described in detail later. 
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[0184] Further, the flow rate of the atmospheric gas is calculated from the pressure of the atmospheric gas in ac- 
cordance with a procedure which will be described in detail later 

[0185] e) Next, the procedure for detection of vaporized fuel concentration and atmospheric gas pressure will be 
described in more detail, together with processing in the drive/calculation circuit 3. It is to be noted that in FIG. 12 the 

5 internal structure of a microprocessor 21 is illustrated functionally. 

[0186] (1 ) First, the procedure for detection of vaporized fuel concentration will be described. 
[0187] As shown in the block diagram of FIG. 12, the transmission timing section 21a of the microprocessor 21 
produces a signal indicating a transmission timing, which is sent to the transmission circuit 25. An electrical pulse signal 
output from the transmission circuit 25 is transmitted to the ultrasonic element 5 via a transmission/reception change- 

10 over circuit 27. The ultrasonic element 5 converts the electrical pulse signal to an ultrasonic wave (transmission wave) 
and transmits it toward the reflection surface 9. 

[0188] Pulse energy (a reception wave) received by the ultrasonic element 5 after being reflected by the reflection 
surface 9 is converted to an electrical signal by the ultrasonic element 5. 

[0189] At this point in time, the transmission/reception changeover circuit 27 switches the signal path from the trans- 
it mission circuit 25 to a reception amplification circuit 29. Therefore, the electrical signal (indicating the reception wave) 
from the ultrasonic element 5 is fed to a comparator 63 in which the reception wave is converted to a square wave. 
The integration circuit 37 integrates the square wave to thereby obtain an integral value, and the peak-hold circuit 39 
holds a peak value of the integral value. Subsequently, the resistance-voltage-division circuit 41 sets a value which is 
equal to a given fraction (e.g., 1/2) of the peak value and outputs it as a threshold level (reference value) for the 
20 comparator 43. 

[0190] For actual detection of vaporized fuel concentration, after the reception wave is amplified by the reception 
amplification circuit 29 and subjected to full-wave rectification performed by the full-wave rectification circuit 31, the 
comparator 43 judges whether an integral value of the reception wave has attained the reference value. When the 
integral value is judged to have attained the reference level, the comparator 43 transmits to the concentration conver- 
ts sion section 21 b of the microprocessor 21 a signal which reports the judgment result. 

[0191] The time of reception of the signal is a reception timing (arrival time). It is to be noted that the transmission 
timing (emission time) is transmitted in advance from the transmission timing section 21a to the concentration conver- 
sion section 21b and stored therein. 

[0192] Upon reception of the signal from the comparator 43, the concentration conversion section 21b of the micro- 
30 processor 21 calculates the concentration of vaporized fuel from the propagation period in a manner similar to that in 
the first embodiment, while taking into consideration the temperature conditions. 

[01 93] The thus-obtained concentration of vaporized fuel is converted to a P WM (pulse width modulation) output by 
a PWM output section 21 g, and then to an analog value by a PWM analog conversion circuit 48. The analog value is 
displayed on, for example, the display unit 47. 
35 [0194] (2) Next will be described a procedure for detecting the pressure of the atmospheric gas and calculating the 
flow rate of the atmospheric gas on the basis of the pressure. 

[0195] The peak voltage level held in the peak-hold circuit 39 in (1) above is converted to a digital voltage level by 
an AD conversion section 21f of the microprocessor 21 , and the digital voltage level is fed to a pressure conversion/ 
flowrate conversion section 21e. 
40 [01 96] In the pressure conversion/flow-rate conversion section 21 e, the voltage level is converted to pressure of the 
atmospheric gas, which is further converted to flow rate of the atmospheric gas. 

[0197] Specifically, the pressure of the atmospheric gas is detected from the voltage level by use of a map (FIG. 1 3) 
showing the relationship between voltage level and atmospheric gas pressure. This map is stored in ROM (not shown) 
provided in the microprocessor 21 and is retrieved and used when necessary. 
45 [0198] (3) Subsequently, the flow rate of the atmospheric gas is detected from the pressure of the atmospheric gas 
detected in the above-described process (2), by use of a map (FIG. 14) showing the relationship between gas pressure 
within a pipe (the intake pipe 110 or the canister purge line 115) and flow rate of the atmospheric gas flowing there- 
through. This map is also stored in ROM (not shown) provided in the microprocessor 21 and is retrieved and used 
when necessary. 

50 [0199] The pressure and flow rate of the atmospheric gas are converted to PWM (pulse width modulation) outputs 
by the PWM output section 21 g and then to analog values by the PWM analog conversion circuit 48. The analog values 
are then displayed on, for example, the display unit 47. 

[0200] e) The gas concentration/pressure sensor 1 01 of the fourth embodiment achieves the following effects. 
[0201] (1 ) Since concentration, pressure, and flow rate of a gas can be measured through use of a single gas sensor, 
55 cost and installation space of the gas sensor can be reduced as compared with the case in which concentration, 
pressure, and flow rate of a gas are measured by use of different gas sensors. 

[0202] (2) As in the gas concentration sensor of the first embodiment, gas concentration can be measured accurately 
at all times through setting of the reference value in accordance with the pressure of the atmospheric gas. 
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[0203] (3) Stable measurement of gas pressure is possible over a long period, because no mechanically-movable 
member is necessary. 

[0204] (4) Since gas flow rate is calculated from the gas pressure, the number of structural elements of the sensor 

relating to measurement of gas flow rate can be reduced, whereby the sensor can be rendered compact. 

[0205] d) Next will be described an evaluation test performed in order to confirm the effects of the gas concentration/ 

pressure sensor 101 of the fourth embodiment. 

[0206] (1 ) System used in the evaluation test 

[0207] A system used in the evaluation test has a structure basically the same as that of the system of FIG. 11. 
However, in place of the canister 114, a gas cylinder is connected to the inlet of the canister purge line 115 in order to 
supply from the gas cylinder a gas mixture of vaporized fuel and air of known concentration. 
[0208] A 4-cylinder engine having a displacement of 1 800 cc was used. 
[0209] (2) Test method 

[021 0] The internal pressure of the canister purge line 1 1 5 and the vaporized fuel concentration of the gas supplied 
to the canister purge line 115 were set to corresponding condition values shown in Table 2. In this state, the vaporized 
fuel concentration and the pressure and flow rate of the atmospheric gas were measured through use of the gas 
concentration/pressure sensor 101a disposed at the canister purge line 115. 

[0211] The internal pressure of the canister purge line 115 was controlled by means of operating conditions of the 
engine. 

[021 2] Confirmation as to whether the vaporized fuel concentration and the pressure and flow rate of the atmospheric 
gas were properly set was performed on the basis of values output from an infrared-type concentration analyzer, a 
diaphragm-type pressure gauge, and a hot-wire-type flow rate sensor, which are attached to the canister purge line 1 1 5. 
[0213] (3) Test results 

[0214] Test conditions and test results are shown in Table 2. 



Table 2 





Set values 


Measurements of sensor 101a 


Time 


Purge line pressure 


vaporized fuel 
concentration of 
supply gas 


Purge line pressure 


vaporized fuel 
concentration 


Flow rate 


0-1 


-70 


0 


-70 


0 


40 


1-4 


-70 


10 


-70 


10 


40 


4-7 


-70 


20 


-70 


20 


40 


7-8 


-70 


0 


-70 


0 


40 


8-9 


-40 


0 


-40 


0 


35 


9-12 


-40 


10 


-40 


10 


35 


12-15 


-40 


20 


-40 


20 


35 


15-16 


-40 


10 


-40 


10 


35 



[0215] As shown in Table 2, the gas concentration/pressure sensor 101a indicates concentrations, pressures, and 
flow rates which are equal to corresponding set values. 

[0216] Accordingly, it was confirmed that the gas concentration/pressure sensor 101a can accurately measure va- 
porized fuel concentration, pressure, and flow rate of the atmospheric gas. 

[0217] In Table 2, the unit for time is minutes; the unit for pressure is KPa; the unit for flow rate is liters/minute; and 
the unit for vaporized fuel concentration is vol.%. 

[0218] The present invention is not limited to the above-described embodiment, and may be practiced in various 
ways without departing from the sprit of the present invention. 

[0219] (1 ) In the first through fourth embodiments, two ultrasonic elements may be disposed such that transmission 
and reception of ultrasonic waves are performed by the respective ultrasonic elements. 

[0220] (2) In the first through fourth embodiments, a shaped reception wave (i.e., a portion of a reception wave) is 
used. However, the entirety of the reception wave may be used as is. In view of elimination of noise and simplification 
of calculation, preferably a portion of a reception wave is integrated. 

[0221] (3) In the gas concentration/pressure sensor 101 of the fourth embodiment, pressure of an atmospheric gas 
is calculated from an integral value of an ultrasonic reception wave. Alternatively, there may be employed a method 
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of detecting the pressure of the atmospheric gas on the basis of a different parameter (e.g., maximum amplitude of an 
ultrasonic reception wave) indicating strength of the reception wave. 

[0222] (4) The gas concentration/pressure sensor 101 of the fourth embodiment is used as a gas sensor for meas- 
uring concentration, pressure, and flow rate of a gas. However, the gas concentration/pressure sensor 101 may be 
5 used as a gas sensor for measuring one or two of the above-described quantities of state. 

[0223] (5) In the fourth embodiment, the gas concentration/pressure sensor 101 is disposed at both the intake pipe 
1 1 0 and the canister purge line 1 1 5. However, a sufficient effect is obtained even when the gas concentration/pressure 
sensor 101 is disposed at either the intake pipe 110 or the canister purge line 115. 

10 [Effects of the Invention] 

[0224] (1 ) As have been described in detail, the ultrasonic-wave propagation time measurement method of claims 
1 to 5 enables a reference value itself to be adjusted on the basis of an integral value of a reception wave or a portion 
thereof and in consideration of influence of gas pressure and the like. Therefore, during actual measurement, propa- 
15 gation time can be measured accurately even when the reception wave attenuates due to gas pressure or any other 
cause. 

[0225] (2) Since the gas sensor of claim 6 can accurately measure propagation time in accordance with the above- 
described ultrasonic-wave propagation-time measurement method, gas concentration can be accurately detected at 
all times. 

20 [0226] (3) Since the gas sensor of claim 10 measures gas pressure on the basis of an integral value of a reception 
wave or a portion thereof, no mechanically-movable member is required, so that stable measurement can be performed 
over a long period of time. 

[0227] (4) The gas sensor of claim 11 achieves effects similar to those achieved by the gas sensors mentioned in 
(2) and (3) above. In addition, since both gas concentration and gas pressure can be measured by use of a single gas 
25 sensor, the cost and installation space of the gas sensor can be decreased as compared with the case in which gas 
concentration and gas pressure are measured by use of different gas sensors. 

[0228] (5) The gas sensor of claim 12 calculates gas flow rate from gas pressure, which is measured in a manner 
similar to that used for the gas sensor described in (3) above. Therefore, the gas sensor of claim 1 2 can measure both 
gas pressure and gas flow rate, although its basic structure is the same as that of the gas sensor described in (3) 

30 above. Accordingly, when the gas sensor of claim 1 2 is used, gas pressure and gas flow rate can be measured through 
use of a single gas sensor, and the cost and installation space of the gas sensor can be decreased as compared with 
the case in which gas pressure and gas flow rate are measured by use of different gas sensors. 
[0229] (6) The gas sensor of claim 13 achieves effects similar to those achieved by the gas sensors mentioned in 
(2), (3), and (4) above. In addition, when the gas sensor of claim 1 3 is used, gas concentration, gas pressure, and gas 

35 flow rate can be measured through use of a single gas sensor, and the cost and installation space of the gas sensor 
can be decreased as compared with the case in which gas concentration, gas pressure, and gas flow rate are measured 
by use of different gas sensors. 

40 Claims 

1. An ultrasonic- wave propagation-time measuring method in which an ultrasonic wave is transmitted by use of an 
ultrasonic element (5; 5a), the ultrasonic wave is received as a reception wave by use of the same ultrasonic 
element (5) or a different ultrasonic element (5b), and a period of time between transmission of the ultrasonic wave 

45 and reception of the reception wave is measured as a propagation time, the method being characterized by com- 
prising: 

a reference-value setting step of integrating a reception wave or a portion thereof in order to obtain an integral 
value, and setting a reference value on the basis of the integrated value; and 
so a time measurement step performed when a propagation time is to be measured and comprising integrating 

a reception wave or a portion thereof in order to obtain an integral value, and measuring, as an arrival time of 
the reception wave, a point in time when the integral value attains the reference value. 

2. An ultrasonic-wave propagation-time measuring method according to claim 1 , characterized in that in the reference- 
's value setting step, the reception wave or a portion thereof is integrated; and a predetermined integral value obtained 

during a period between the start of integration and the time when a maximum integral value is obtained is set as 
the reference value. 
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3. An ultrasonic-wave propagation -time measuring method according to claim 2, further characterized in that the 
reference value is set to half the maximum integral value. 

4. An ultrasonic-wave propagation-time measuring method according to claim 1 , characterized in that in the ref erence- 
5 value setting step, the integral value is represented in the form of a voltage value; and a ratio of the reference 

value to a maximum integral value is set on the basis of a maximum voltage value, which represents the maximum 
integral value. 

5. An ultrasonic- wave propagation-time measuring method in which an ultrasonic wave is transmitted by use of an 
10 ultrasonic element (5; 5a), the ultrasonic wave is received as a reception wave by use of the same ultrasonic 

element (5) or a different ultrasonic element (5b), and a period of time between transmission of the ultrasonic wave 
and reception of the reception wave is measured as a propagation time, the method being characterized by com- 
prising: 

is a reference-value setting step of integrating a reception wave or a portion thereof in order to obtain an integral 

value, and setting a reference value on the basis of the integrated value; and 

a time measurement step performed when a propagation time is to be measured and measuring, as an arrival 
time of the reception wave, a point in time when the level of a reception wave attains the reference value. 

20 6. A gas sensor which detects concentration of a specific gas in a gas under measurement by use of the ultrasonic- 
wave propagation-time measuring method according to any one of claims 1 to 5. 

7. A gas-pressure measurement method comprising: transmitting an ultrasonic wave by use of an ultrasonic element 
(5; 5a); receiving the ultrasonic wave as a reception wave, by use of the same ultrasonic element (5) or a different 

25 ultrasonic element (5b); integrating the reception wave or a portion thereof in order to obtain an integral value; and 
determining the pressure of a gas under measurement on the basis of the integrated value. 

8. A gas-pressure measurement method comprising: transmitting an ultrasonic wave by use of an ultrasonic element 
(5; 5a); receiving the ultrasonic wave as a reception wave by use of the same ultrasonic element (5) or a different 

30 ultrasonic element (5b); and measuring the pressure of a gas under measurement on the basis of the maximum 
amplitude of the reception wave or a portion thereof. 

9. A gas-flow-rate measurement method comprising: measuring the pressure of a gas under measurement by use 
of the gas-pressure measurement method described in claim 7 or 8; and measuring the flow rate of the gas under 

35 measurement on the basis of the measured pressure. 

10. A gas sensor which detects the pressure of a gas under measurement through use of the gas-pressure measure- 
ment method described in claim 7 or 8. 

40 11. A gas sensor which detects the concentration of a specific gas contained in a gas under measurement, through 
use of the ultrasonic-wave propagation-time measurement method described in any one of claims 1 to 5, and 
detects the pressure of the gas under measurement through use of the gas-pressure measurement method de- 
scribed in claim 7 or 8. 

45 12. A gas sensor which detects the pressure of a gas under measurement through use of the gas-pressure measure- 
ment method described in claim 7 or 8, and detects the flow rate of the gas under measurement through use of 
the gas-flow-rate measurement method described in claim 9. 

13. A gas sensor which detects the concentration of a specific gas contained in a gas under measurement through 
so use of the ultrasonic-wave propagation time measurement method described in any one of claims 1 to 5, detects 
the pressure of the gas under measurement through use of the gas-pressure measurement method described in 
claim 7 or 8, and detects the flow rate of the gas under measurement through use of the gas-flow-rate measurement 
method described in claim 9. 

55 14. A gas sensor according to claim 10, characterized in that the gas under measurement is a gas within an intake 
pipe (110) or canister purge line (115) in an internal combustion engine. 

15. A gas sensor according to claim 11, characterized in that the gas under measurement is a gas within an intake 
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pipe (110) or canister purge line (115) in an internal combustion engine; and in that the specific component is fuel 
for the internal combustion engine. 

16. A gas sensor according to claim 12, characterized in that the gas under measurement is a gas within an intake 
5 pipe (110) or canister purge line (115) in an internal combustion engine. 

17. A gas sensor described in claim 13, characterized in that the gas under measurement is a gas within an intake 
pipe (110) or canister purge line (115) in an internal combustion engine; and in that the specific component is fuel 
for the internal combustion engine. 
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Fig. 2 (a) 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 14 
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